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# 
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Abstract: The iodine induced cyc l i ea t ion  r eac t ion  of  \rory, l -  unsaturated phosphate, phosphonate o r  
phosphoamidate were inves t iga ted  by P-31 and C-13 NMR 
spectra.  In each case, the di iodo-derivat ives  were 
observed and iden t i f i ed .  For the 6 , t -unsaturated 
phosphate and phosphonate the cycl ieed products  formed 
predominately . 
The iodolactonieat ion reac t ion  has  been appl ied  t o  
a v a r i e t y  of cyc l i c  and a c y c l i c  unsaturated carboxyl ic  
ac ids ,  e s t e r s  and e t h e r s  f o r  s t e rocon t ro l  i n  organic  syn- 
thes i s .  But, due t o  the  l i m i t a t i o n  of  t h e  instruments,  
t h e i r  intermediates  had no t  been observed yet.’ We had 
taken t h e  advantage of P-31 NMR spec t ra  f o r  i t s  s impl i c i ty  
and c learness  t o  study the  reac t ion  mixtures of  5,g- 
unsaturated phosphonate and iodine. I t  was discovered 
tha t  i n  chloroform, there  were two intermediates ,  the  
major one being (4,5-diiodopentyl)phosphonate, which had 
never been proposed before. 
&,e- o r y  ,&-unsaturated phosphate, phosphonate o r  phospho- 
amidate - la-6a was t r e a t e d  with iodine,  t h e  diiodo- 
de r iva t ives  were a l l  obserbed by P-31 and (2-13 NMR spec t r a  
shown i n  Table I. In addi t ion ,  as t h e  1,g-unsaturated 
pentanoic ac id  - 7a was t r e a t e d  with one equiv of  iodine,  
we a l s o  picked up i t s  di iodo-derivat ive 7b, which was 
taken no account as one attempted t o  evaluate  the mechanism 
of  t he  iodine induced cyc l i za t ion  react ion.  3,4 The Scheme I 
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SCHEME I: THE REACTION OP IODINE WITH la-6a. 
X Y  
0 8 X Y  II 
( R0)2b-X-( CH2 ),-CH=CH2 + 12*-4R0 )2P-X-( CH2 ),-CHIcH21 
a 
I 
3a NH 2 Et 
Ic - 4 a O l E t  
6a NH 1 E t  
C - 5a CH2 1 E t  - -
0 
1\/0-CH2\ CHI 
Ro-PxX- ( CH2), 0 
d 
I 
Y X  Y X  
1 2  + CH2=CHCH2CH2COOH-ICH2CHICH2CH2COOH - 7a - 7b 
TABLE I:apb C-13 NMR of (R0)2-b-X-( CH2)n-CH=CH2 
9 X Y  






a. Coupling constants  i n  parentheais  given i n  h e r t s ,  
b. A 1.7 M solut ion of la-6a i8 chloroform was t r e a t e d  
with one equiv of  i o d i n e 2 1  , a f t e r  few min the ' 
C-13 NMR spectra  was taken with 2000 pulses  and TMS 
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and Table I1 show t h a t  f o r  t he  - la and 2a, the  s ix  member 
r ing  products & and & were formed predominately. While 
f o r  - 3a, t he  cyc l i ea t ion  was no t  completed, after e q u i l i -  
brim, t h e r e  was s t i l l  14% diiodo compound gb and only 
35% s i x  member r i n g  - 3c formed. For t h e  case o f  compound 
- 4a, the re  was no s i g n i f i c a n t  cycl ieed product a t  a l l ;  the  
iodine add i t ion  compound - 4b was t h e  f i n a l  product. For 
- 5a the  cyc l i za t ion  occurred but  it was not  r eg iose l ec t ive ,  
both f i v e  and s i x  member r i n g s  2 and 5d were i so l a t ed .  
From these r e s u l t s  i t  is obvious tha t  t h e  ex ten t  of 
iodine induced cyc l i za t ion  is dependent on t h e  molecular 
s t ruc tures .  Thus, for each of t he  - 4a-6a, which i s  one 
carbon shor t e r  than - la-3a respec t ive ly ,  d i d  n o t  g ive  good 
cyc l iza t ion  product. I t  suggested that  the  carbon chain,  
which sepa ra t e s  t h e  double bond from the  po la r i zab le  atom 
and group, i s  an important s t r u c t u r a l  f ac to r .  Hence, we 
proposed t h a t  the  s t a b i l i t y  of the  bridged ion is the  key 
t o  the  cyc l iza t ion .  The examples i n  eq 1-3 are the evidence 
for t h i s  proposal .2p5 
TABLE ,I9 : The percentage of the  equ i l ib ra t ed  r eac t ion  
mixtures of t he  organophosphorus compounds 
la-6a. with two equiv o f  iodine.  
en t ry  a b C d 
PPm ( % I  PPm (%I  PPm ( % I  PPm C%) 
taken on a FT-80A spectrometer a t  32.2 MHz by broad band 
decoupled technique with 85% H3P04 as e x t e r n a l  reference.  
The % of the  s i d e  products. . There were q u i t e  a few s ide  products. 
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Also ,  t he  nuc leophi l ic i ty  o f  t he  phosphoryl oxygen 
plays a c ruc ia l  role i n  t he  cyc l iza t ion  react ion.  I n  
conclusion, t he  two p r i n c i p l e s - s t a b i l i t y  o f  t he  bridged 
ion and the  nuc leophi l ic i ty  of  t h e  phosphoryl oxygen 
will lead t o  t he  extent  o f  cycl ieat ion.  
H~ C=CHCH~COOH + .-+ no cyclieation--(  1 H’ 
H3C;C=CHCH2COOH + I2 _111) cyclieed ------ ( 2 )  
H3C 
H-C=CHCH2CH2COOH + I2 111) cyclized ------ ( 3 )  H’ 
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